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SOME PROBLEMS OF RESPIRATORY PROTECTION IN TEB 
PETROLEW! INDUSTRY, WITH SUGGESTIONS FOR THEIR soLuTron2/ 


By. Gai. Kintz2/ and H.C. Fowler3/ 


Proper respiratory protection of workmen, regardless of the industry 
or the individual occupation, is fundamental for their health, safety, and ef- 
ficiency. The problems involved in vroviding this vrotection have virtually 
the same elements, although it is unlikely that two jobs, even on the same type 
of work, will have exactly the same razards. Satisfactory solution of problems 
created by atmosnheric conditions that are unssfe or detrinental to the health 
and efficiency of workers can be reached only after careful analysis of individ- 
ual circumstances. The specific impurity in the air to which each worker on 
each job is exposed must be determined, its dangers recognized, and effective 
protective measures taken ~ meacures that net only protect but offer a minimum 
of inconvenience tn the worker. Health and safety studies of respiratory haz 
ards réquire a broad lkmovwledge of the physirlogical effects vroduced by various 
dusts, mists, fumes, and gases and of the physicnri and chemical reactions that 
permit quantitative detection and elimination of these subst.nces from the air 
breathed by workmen, 


The literature pertaining to protectinn against toxic gases in the 
petroleum industry is extensive, but writings dealing with dusts and other 
extraneous air-borne materiel peculiar to that industry are relatively fewe 
Accordingly, this paver deals mainly with hazards of the latter type and makes 
some suggestions as to protection esgainst theme By drawing on the experience 
of other industries it is honed that the informatian will help to premote greater 
health and safety among workmen and assist safety, personnel, and compensation 
departments in the petroleum industry to meet their individual problems, whether 
they pertain to burning lead, svraying paint, sandeblasting, cleaning and repair 
ing tanks and stills, er other occupations in which men are exposed to respira~ 
tory hazardse 


In vreparing the following discussion of dust and related hazards 
in the petroleum industry, material has been dramm freely from and frequent 
reference is made to a series of nublications prepared recently by the Health 


1/ The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: ‘Reprinted from U.S. Bureau - 
of Mines Information Circular 6915." 
Presented at the International Petroleum Exposition and Congrédss, Tulsa, 
Okla., May 21, 1936. , 
2/ Associate mining engineer, UeSs Bureau of Mines. 
Senior petroleum engineer, U.S. Bureau of Mines.s ~ 
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end Safety Branch of the United States Bureau of Mines, entitled "Review of 
Literature on Effects of Breathing Dusts, with Special Reference to Silicosis. 


4 
he! 
me 


Some idea of the importance of the problem of respiratory vrotection 
and the tremendous cost incident to this type of hazard may be gained from the 
following figures: 


South Africa has vaid over $65,000,900 in comnensation for silicosis 
alone and has an additional outstanding liability of $34,000,000; in 1932 clains 
totaling $6,000,000 were allowed. In Wisconsin during 1932 approximately 
$207,000 was paid in compensaticn for’ occuvational diseases, and from 1930 to 
1932, inclusive, the indemnity cost of the State for occupational diseases in- 
creased over 80 percent, while accident compensation, in contrast, fell more 
than 30 EEE B The experience of other States in this regard could be 
cited, but in this discussion it will suffice to observe that lawsuits in the 
courts of the United States at present involve claims of. more than $100,000,000 
for siliccsis, and Sapoingtond/ estimates that these claims increased nearly 
200 percent over those in the previous vear. Although some of these claims will 
not be allowed and other cases will be thrown out of court litigation is expen~ 
sive, and judgments of the order of $14,000 and $21,000 are not uncommone Hun- 
dreds of cases are being settled for smaller amounts. 


An increasing interest in social security is evidenced by laws ncw 
being considered and passed in many States relating to hazaris caused by oc- 
cupational diseases and to compensation for people affected by those diseases. 
The interest of industries also is increasing in this vital problem, which is 
not neve However, because industry generally has not teken a greater interest 
in preventive measures in the past, much future trouble may be expected, and 
large sums of money nrobably will be vaid as commensaticne 


An indication of the growing realization of the imvortance of proper 
atmospheric conditions is found in the annual exoenditures now being made to 
air-condition office buildings, factories, and many working places by means of 


ry Harrington, D., and Davenport, Sara J., Review of Literature on Effects of 


Breathing Dusts, with Snecial Reference to Silicosis. Part.,1. Chanter l. 
Definition and Classification of Dustse Chanter 2. Sources of Exposure 
to Dusts. Chanter 3. Physiological Effects of Breathing Dusts: Informa- 
tion Circular 6835, Bureau of Mines, 1935 68 pp. Part II-—A. Chapter 4. 
Prevention of Dust Disesses (Sections 1 and 2): Information Circular 6810, 
Bureau of Mines, 1935 117 ppe Part II-Be Chanter 4. Prevention of Dust 
Diseases (Sections 3 ~- 5): Information Circular 6848, Bureau of Mines, 
1935 210 poe Part III-A. Chapter 5. Economic and Legal Aspects of Dust 
Disease in Industry (Sactions 1 and 2): Information Circular 6857, Bureau 
of Mines, 1935 266 pp. | mars 

5/ Griff, WeM., The Resvonsibility of the Health Denartmeht for Occupational 
haa Control: Safety Engineering, vol. 68, September 1934, ppe 123+ 
12 eo ' 

6/ Sappingtonsg C.0., Discussion of paper by Dick, P.G., Role of X-Ray in In- 
dustrial Hygiene: Ind. Med., vole 4, 1935, p. 161.. 
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ventilating systems of proper design to keep the air free of hazardour substances.1/ 
Although the scope of this peper is confined to discussions of individual protec- 
tion against resviretory hazards, the importance of a vositive system for proper- 
ly ventilating buildings, snecific work, or working places should not be over- 
looked. 


Many peoole believe that silica dust is the only dust that affects the 
lungs adversely and thet silicosis is a disease that has been recognized only in 
comparatively recent yearse Neither idea is correct, nor is the use of resnira- 
tory »rotective equipment newe Hinvocrates, born about 460 B. C., spoke of a 
metal digger as a man who breathed with difficulty and had other symptoms similar 
to those found in silicosise Celsus, a Roman medical writer rho lived in the 
first century, wrote: "By far the most terrible form of emaciation is that which 
the Greeks called phthisis. It svreads to the lungse On ton of this ulceration 
occurs and a slow fever, which at ae disapvears and at other times reappears." 
According to Harrington and Davennort®/, "Probably the oldest published datum re- 
garding the harmfulness of exnosure to dust is the statement in Pliny's Natural 
History that "Minium (red oxide of lead) refiners in the factory envelop their 
faces with loose bladders, which enable them to see vithout inhaling the fatal 
duste" This reference is of svecial historical interest, as it is probably the 
first mention of protective equivment against the hazards of duste Pliny lived 
from 25 to 79 A.D. 


From about 1551, when Amatus Lusitanus revorted that "most-workers oc- 
cupied with the preparation of gvosum and lime died of lung phthisis," reports 
of the disease and various steos of »rotection against it have been more or less 
continuouse Phthisis now is considered generally as being synonymous with tuber- 
culosis, and although many veonle use the word "silicosis" as a general tern, 
actually the a»nlication is only to disease caused by silica dust. Pneumoconi- 
osis (from the Greek pneumon, lung, and konis, dust) is the general term now being 
applied to all dust diseases of the lungs, whether caused by fibrous or nonfibrous 
substances, and it is likely that this word will be heard more and more. Other 
names given special dust diseases are silicatosis, anthracosis, siderosis, and 
asbestosis, which are causes, respectively, by the fine particles of various 
silicetes, coals, iron or iron ores, and asbestos. 


To facilitate the following discussion the subject has been divided 
into four subheadings: 


le What is a dangerous "atmosohere"? 
2. Detectors for testing vossible hazardous atmospherese 
i" Equipment for protections 

e Use of equipment by workers. 


i/ According to Eueiness Week, May 2, 1936, pe 19, $48,000,000 was snent for 


air conditioning in the United States in 1935. 
&/ Work cited, Inf, Circe 6835, De Ie 
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WHAT IS A DANGEROUS ATMOSPHERE? 


A safe atmosnhere is more easily defined with accuracy than a danger- 
ous onee A possible definition for a dangerous atmosphere is: An atmosnhere 
is dangerous when it contains one or more foreign substances, such as €as, dus*, 
mist, or fumes, in sufficient quantity to be harmful or explosive, or when it 
does not contain enough oxygen to allow working with maximum efficiency or to 
support life, or when the temperature and humidity are too high for human en- 
durancee 


Research has ascertained that under some circumstances certain gases 
(such as hydrogen su’phide, carocn monoxide, chlorine, and sulphur dioxide), . 
certain fumes (such as mercury vapor, acid, and lead-burning fumes), and certaics 
mists(such as paint, lacquer, and some insecticidé svrays) are dangerous to 
health. Other examples could be named in each of the above catagories. Some 
authorities believe that breathing any kind of dust may lead to injury of the 
lungs if it is in sufficient concentration and breathed leng enough, although 
to date this theory has not been accepted generallye Some persons claim (and 
there are cases that aprear to bear out the theory) that the presence of an ir- 
ritating gas or air of abncrmal content will cause the dust to affect the res- 
piratory organs more readily. 


Dust need not be visible to be dangerous; in fact, virtually all dust 
experts believe that the most dengercus dust particles cannot be seen by the 
maked eye. They range in size from 0.5 micron to 2 microns or possibly up to lt 
microns. (A micron is one-thousandth of a millimeter or approximately 1/25,000 
inch.e) Harrington and Davenvor state; 


: The size of particles in prolonged suspension in the air is more 
likely to be under 5 microns than over; probably the mest dangerous dust 
is that ranging from 2 microns to 0.5 micron or smaller because these im- 
palvable particles readily remain in suspension in the air for long pericds 
of time. The size of fume particles ranges from 1 to Oe2 micron in diameter> 
In other words, it is thought that the smaller the particles the greater the 
danger, although there may be a lower limiting size as well as a higher one; 
unless especially warned, employers and workmen are prone to regard impal- 
pable nonvisible dust as altogether harmlesse Dust particles under 5 microns 
in size readily pass through the mouth and nose, traverse the bronchial 
passages, and ledge in the alveolar tissue, frem which remote parts of the 
lung structure they usually cannot be dislodged by hawking cor coughing. 


No *ne'‘seems to be able to state with exactness the safe size and 
number of dust particles that may be in the air. An information circular in 
preparation by the Health and Safety Branch of the Bureau of Mines includes a 
statement that mountain air contains 2 large particles per cubic centimeter, 
while city air contains 15 t» 100 such particles per cubic centimeter. The 


. 
~. 


9/ Work cited, infe Circ. 680, p. 86. 
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frlicwing regulation of the Industrial Commission of WisconeintO/ is an example 
of the dust standards that are being set uo for industry by some of the States: 


The maximun silica-dust concentration considered nermissidle in 
the air breathed by a workman at any voint in the normal breathing zone 
has not been definitely, estadlished. The commissicn, ite, advisory com- 
mittee, employers, ard scientists have agreed on a tentative figure of 
15 milljon countable dust particles under 10 microns in longest dimension 
with freg-silien content of 35 wercent in a cubic foot of the air as de- 
termined by the United States Public Health Service techniquee Variations 
in free~silice content will make proportional inverse changes in this 
standarde In the ense of vrectically vure silica the nrermissible dust count 
would be 5,250,000 countable particles, By countable particles is meant 
those particles within the ranze of size from 2 to 10 microns in the 
longest dimension. Dust perticies Tancer than 19 nicvens in the longest 
dimension do not ordinarily reach varts of the body where they can vroduce 
injury. 


From the foreroing discussion it can be seen that despite the extended 
study given to the hazard of dust definite and exact information is meagere 
Harm to the resnirntory system ceused by dust, like that caused by gases, mists, 
and fumes, denends upon the concentration and the length of exposure; but unlike 
these substances, the size cf the dust particles enters into the hazarde Be- 
cause of the very nature of this problem, which pertains to certain causes and 
their effects uwnon the human body under various and varying circumstances, and 
because the required technique of dealing with the subject cannot be reduced 
to the exactness of a mathematicel equation, safety engineers and all others 
concerned with dust hazards will do well to "play sefe" by protecting, insofar 
as feasible, against any atmosphere that is not normale 


Some of the more common occunations in the petroleum industries where 
resviratory protection may be needed are cleaning tanks, gazing, sand~blasting, 
handling coke, cleaning coke out of stills, cleaning brick, handling dusty ma~ 
terials (such as fullers earth, cement, lime, gypsum, clays, and dry caustics), 
certein welding operaticns, burning lead, burning off paint, paint-sorey work, 
brush painting in clese quarters, and the many operations in which workmen are 
exposed to dust and hydrogen sulvhide gase 


About 10 years azo hydrogen culvhide poisoning was considered an out- 
Standing hazard of the petroleum industry. Field and vlant workmen knew little 
or nothing about the toxic effects of hydrogen sulvhide, and even safety engi-~ 
neers were at a loss regarding the application of sure and practical methods of 
protection. That condition has been changed radically, and throuch persistent 
education the industry in general knows about hydrogen sulvhide gas, workmen 
respect its toxic qualities, and most companies are fairly well equipped to corm. 
bat this hazard. 


10/ See Harrington, D., and Davennort, Sera Je, Work cited: Inf. Circe 680, 
ppe 85 and 89, ° 


4505 Be 


Google 


I.e0. 5915 
DETECTORS FOR TESTING POSSIBLE ZAZARDOUS ATMOSPHERES 


The develspment end comercial manufacture of efficient and accurate 
detectors for testing the percentates of voisonous, irritating, and inflammable 
geses and vacors that may be vresent in the atmosvhere have been great boons to 
those engaged in- health and safety work. Only within recent years has this 
condition been brought about, and the netroleum industry has made wide use of 
many of these devices as they have become available in helping solve its prob- 
lems of protecting the lives and heelth of its emnloyees. Many safety engi- 
neers require one or nore of them as an essential part of their safety equipmert 
and are thoroughly familiar vith their construction and operetione Nevertheless, 
a brief resume of the »perating principles of several detectors is given, with 
full recognition of the fact that the best way to obtain definite knorledge 
about then and to gain proficiency in their operation is to inspect them and use 
them under‘ test conditions. 


Detectors for Inflammable Gas 


Detectors for inflammable gas that are in most common use are known as 
the Je We, MeSe4Ao, and UeC.C. The several detectors differ in construction but 
operate on essentially the same principle, namely, that when an electrically 
heated filament is introduced into an atmosphere containing inflammable gas, the 
electrical resistance of the filament will vary in cirect proportion to the 
amount of inflammable gas present. The variation of the resistance is recorded 
on a meter graduated in percentage of gas cr percentage of explosibility. The 
instruments are reasonably accurate for percentages from zero to the exnlosive 
limits. 


The Burrell detector for inflammable gas has not been used as general- 
ly as those that have been mentioned. The overation of this detector is based 
on the principle that the products of combustion of most inflammable geses have 
less volume at_the same temperature and vressure than the gas that is burned. Tre 
decrease in volume is in direct nrovortion to the amount of gas burned. 

A number of continuous inflammable gas detectors are on the market, 
but they are not intended to be used as vortable instruments and are not des- 
cribed in this papers - 


Detectors for Toxic Gases 
Carbon-Monoxide detectors 


Heolemite detector. ~ When carbon monoxide (CO) is passed through 
ground pumice saturated with iodine pentoxide in the »vresence of fuming sul- 
phuric acid, free iodine is liberated, which stains the oumice a greenish 
colores By comparinz the shade of green ootained by a measured volume of air 
with a color scale, the amount of carbon monoxide can be determined. The range 
of this instrument is 0.05 to 1 percent. Its accuracy depends somewhat on the 
ability of the individurl to estimate the true shades. This device is used 
extensively by the Bureau of Mines, manufactured-gas comnanies, and others de- 
siring to ascertain the presence of carbon monoxide. 
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Pyrotannic acid detector. ~ This device is compact but requires a 
little technique in its operation and is used nrimarily for detecting the presence 
of carbon monoxide in the blood. It is very accurate and will detect from zero 
to O.2 percent of the ges in the aire It overates on the principle that the af- 
finity of carbon monoxide for the hemoglobin of the blood is about 300 times that 
of oxygen. To test the atmosohere for carbon monoxide a small bottle is filled 
with the air to be examined, and 0.1 cm of blood, which is diluted to 2 cm) with 
distilled water, is placed in the bottle. After about 15 mimites of agitation 
this blood solution is treated with a comvound of pyrotannic~vyrogallic acid and 
the resulting color compared with a standard color scale. 


Continuous carbon monoxide detectorse —- These detectors are made in 
stationary and pnortable modelse All models require a suvovly of electric current. 
(Dry-cell or storage batteries may be used.) The operation of these machines is 
based on the fact that when carbon monoxide passes through a compound known by 
the trade name of "Hopcalite" it is converted to carbon dioxide and thus generates 
heate The amount cf heat generated is in direct vrovortion to the amount of car- 
bon monoxide presente By means of thermocounles the amount of heat is recorded 
on a dial marked in vercentage of carbon monoxide vresent. These instruments are 
accurate, the portable type having a dial graduated to 0.01 vercente 


Carbon monoxide-detector ampoule. ~ This device consists essentially of 
a solution of palladium chloride in acetone-water, which is sealed in a small 
glass vial surrounded by absorbent cotton. When the vial is crushed the solution 
saturates the cotton. The ampoule is then hung in the atmosphere to be tested 
for approximately 10 minutes. If carbon monoxide is vresent the solution on the 
cotton will become gray to grayish, depending on the concentration. 


Hydrogen Sulphide Detectors 


Although hydrogen sulphide (HoS) has a definite odor (the socalled 
"rotten-ege" smell) in minute quantity, the odor cannot be denended upon to give 
warning; generally speakins, as long as the hydrogen sulphide can be smelled the 
person exposed to the gas is safe. 


M.S.A. hydrogen sulphide detector. — Chemists of the Bureau of Mines 
recently have perfected a pvortable means of detecting hydrogen sulphidee The de- 
tector depends upon the use of silver cyanide on activated alumina. When a meas-— 
ured volume of the air containing hydrogen sulphide is forced through a tube con- 
taining this material it turns black, and the length of the discoloration in the 
tube.is a measure of the vercentage of the gas vresente.e 


Lead acetate paper. ~ This method has been used to detect hydrogen sul~ 
phide, but it is not positive and its accuracy is limited. The method consists 
of saturating a piece of absorbent paver with lead acetate and placing the paper 
in the atmosphere to be testede Discoloration indicates that hydrogen sulphide 
is present. | 
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Detector for Atmosphere Deficient in Oxygen 
Flame Safety Lamp 


Lack of oxygen in the air can cause death as readily as most toxic 
gases. The quickest (though not always the safest) way to tell whether an at-— 
mosphere is deficient in oxygen is to see if a flame will burn in it; it is not 
advisable to use an oven flame for this purvose because of the possible presence 
of explosive gas. At present the flame safety lamp is the best portable device 
for determining whether enough oxygen is present to suoport life. However, this 
lamp is not a foolproof device, and a number of explosions with heavy loss of 
life have resulted from its misuse; in fact, some large petroleum organizations 
now prohibit the use of the flame safety lamp. Only a propverly assembled flame 
safety lamp should be used and then only by a person who has been trained in its 
use and fully understands its hazards, construction, and proper assembly. 


Instruments for Counting and Recording Amount of Dust in Air 


A number of different devices are on the market and in use for deter- 
Mining the size and anount of dust particles in the air. To operate these in- 
struments requires practice and sxill. In general, a samvle of the dust part-— 
icles in the atmosvhere is collected by same suction method, taken to the lab— 
oratory or similar place, and counted by means of a microscove or by weighinge 
Some of the instruments used are the impinger, electrical precipitator, paver 
thimble, Owens jet dust counter, and konimetere Recently other instruments 
have appeared on the market, euch as the continuous dust recorder invented by 
Professor Drinker and the Ficklen-Ott dust camerae 


Human beings cannot devend upon their sense of smell or sight to tell 
whether or not an atmosvhere is dangerous. Animals usually have a far superior 
sense of smell and sight than is possessed by human beings but even they cannot 
always indicste whether noisonous gases, dust, fumes, or mist are vresent in the 
surrounding atmosvhere. Hither chemical analysis or the prover detector should 
be used to indicate the presence of gas. Denendence upon smell, sight, taste, 
or any other human sense in an effort to determine the presence of a poisonous 
or otherwise harmful gas, mist, fume, or dust is a dangerous practice. 


HQUIPMENT FOR PROTECTION 


Selection of the proper individual equipment to condition the air 
breathed by men working on a job with a potential resviratory hazard is very im 
portante Before a selection is made most of the following question must be 
answered} 


le Is there enough oxygen to sunnort life? 

2e What toxic of asnhyxiating gases are present and what are their 
concentrations and characteristics? . 

3e What dusts, mists, fumes, or combinations of these are present 
and in that concentration? 

4, How long will the veriod of exposure be? 
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5 Whet is ‘ne temperature and humidity of the: eumperhere where 
men will be workings? 

6e Under what conditions will men be working? That is, will 
they be in crammed auartars and is the onening small through which they must 
enter or leave? 

7- Willa continuous current of air be ventilating the enclawured? 

8. Will work be routine or emergency? : a 

Qe Will work cover a large or small area? 

10. How much of the head and becy should be protected? That is, 
will it be sufficient to cover just the nose and mouth or should the eyes 
or even the entire head be protected? 

ll. What is the vhysical condition of the worker and what are his 
facial characteristics? 

The answers to these questions rill fagesiy’ indicate the proper aes 
of vrotective equivment to be selected. The selection will be limited further 
wien the followings advantseces and disadvantages of the more common types are 
considered. | yy 


Canister-Type Gas Mask 


This protective equipment consists of a full or half facepiece, or a 
mouthpiece and nose cliv, wnich is attached by means cf a flexible rubber tube 
to a Canister hung in front of or on the back of the weareTre 


Advantages. ~ The mask is light in weight, occuvies little space, is 
easy to transport, and filters out most dusts and mists if the gases or mists 
are present in limited percentages or quantitiese 


Disadvantcgese ~ The mask cannot be worn with safety in an atmosphere 
.deficient in oxyzen or in an atmosphere containing more than 2 percent, by vol- 
ume, cf any toxic gas except emmonia, when it will give vrotection tc 3 percente 
The facepiece must fit tizhtly to the face; any leaks indicate that the mask is 
ineffective and may cause death to the wearere ‘The mask can te worn only in that 
class of gas for which the canister is designed - the type N (all-service) canis- 
ter protects against limited percentazes of all gasese In a warm and humid at- 
mcsvhere or during hard work the face persnires, the resistance of the canister 
increases rapidly, and the mask becomes uncomfortable to wear; sometimes, too, 
the rubber may irritate the skine The mask can be worn in safety only for the 
length of time indicated on the canistere A man may enter a dangerous atmosphere 
without one or more other persons being present, a vractice that, even with any 
type of resviratory—protective equipment, exvoses the wearer to the hazard of 
losing his life. Some prominent vetroleum organizations prohibit the use of can- 
ister gas masks and stimulate that emergency resviratory protection must be ob- 
tained by using a suitable fresh air-hose masks 


Dist Respirators 


Dust resvirators zene: rally consist of half facepieces to which are at= 
tached an exhaust valve and a filtering medium that removes the dust from the in- 


haled air; some are equipped with a filter medium that removes paint mists and 
some fumese 
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Adventages. — They are light in weight and inexvensive; those avoroved 
by the United States Bureau of ifines ere effective. 


Disadvantagese - They cannot be worn in an stmosohere that contains 
toxic gases or fumes or that is deficient in oxygene Filter pads must be changed 
at certain intervals, devending on the concentration of dust or mistse The face- 
viece must fit tightly to the face and has the seme disadvantage as the canister- 
type mask in warm, humid atmosvherese Some types restrict the field of vision. 


Self-Contained Oxygen Breathing Apparatus 


This annvaratus consists chiefly of a mouthviece fastened by a flexible 
hose and various reducing valves to a tank of oxygen underhigk oressure; it is a 
rather complicated machine and weighs 12 to 21 pounds for the half-hour type and 
about 4O pounds for the 2-hour type. 


Adventages. - The machine can be worn in any atmosphere that will not 
irritate or poison the skin, when proverly assembled and equipved with the prover 
rubber parts in good condition. 


Disadvantages. - It is bulky, heavy, and rather expensive to nurchase 
and maintain; the wearer must have special training in its use before he can 
wear it with safety. (This apparetus is nct in general use in the petroleum ir- 
dustry.) 


Hose Masks and Air-Line Respirators 
Hose Masks and Resnirators with Positive Air Supply 


These masks have essentially the same type of faceniece as described 
for the canister mask, but instead of being fastened to a canister it is connect- 
ed to a suppvly of fresh, pure aire The supvly may be furnished by a blower, hand 
or electrically overated, or by an air compressor, the intake of which should be 
in pure air. 


Advantages. ~— The mask is light in weight and costs little to maintain. 
The air is suonlied under positive pressure; therefore, as long as the pure-—air 
supply is maintained there is little danger that the worker will inhale foul air 
through a leak around the facepiece. The inflewing air reduces excessive pers- 
piration and tends to cool the face. When a hand-operated blower is used a sec- 
ond person is always present. (With the anvroved mask, vrovided the facepiece 
is tight, the wearer can inhale enough air through the hose to escape if the 
blower should stope) Permissible hose masks can be worn in any atmosvhere that 
will not poison or irritate the skin, but the eanecusene en the approval plate 
should be followed explicitly. 


Disadvantages. ~- The mask and blower cost more than a canister maske 
The area of travel is limited to the length of the hose, and movements are handi- 


capved to some extent by the hosee Manifestly, the air for the hose and the mex 
should be fresh and pure, but unfortunately this is not always 80. 
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Huse Mask Without Positive Air Supply 


This mask is essentially the same as the hose mask just described, 
except that it is not connected to a blower. The intake of the hose is placed 
in fresh air, and the wearer pulls or sucks the air through the hosee 


Advantages. ~ The mask can be worn in any atmosvhere that will not 
poison or irritate the skin, although it is not recommended for use in highly 
toxic gasese 


Disadvantages. ~ It must fit tightly to the face. The distance the 
wearer may travel is very limited. It may be uncomfortable t» wear the face- 
piece in hot, humid atmospheres, and the air manifestly should be pure at its 
SOurcee 


Helmet-Type Resvirators 


This protective equipment consists of a hood with windows that fits 
loosely over the head and shoulders; a supoly of fresh air, at least 6 cubic 
feet per minute, is blown into the hood. 


Advantages. - The head and shoulders are covered, vrotecting the skin 
against abrasives. The incoming air cools the head. It is relatively safe to 
wear in dusty atmospheres but is not anvroved for use in poisonous gases or fumes, 
in which its safe use is doubtful. 


Disadvantages. - The mask should be worn only in places from which the 
wearer can escave without danger if the air supnly should fail, as it gives ab— 
solutely no vrotection in case of such failure. 


The Bureau of Mines will avvrove equipment of any of the above tyves 
if such equipment meets the Bureau's test requirements, and many types are now 
on the market. As suggested, with reference to detectors for testing nossible 
hazardous atmosvheres, definite knowledge cf the construction and overation of 
orotective equipment should be gained by insnection. 


USE OF EQUIPMENT BY WORKERS — 


Selecting the equipment is simole commared with getting men to wear it 
after it is suoplied. Generally workmen will wear masks readily in places where 
they have seen others asphyxiated, or in some similar trouble, but they are like- 
ly to resist wearing protective equipment where the dust cannot be seen or where 
the fumes and mist have no objectionable odor. There are three main reasons for 
such resistance: First, inbred objection to any new idea; second, the feeling 
that the individual is a superman and can "take it" without protection; and, 
third, the inconvenience of wearing the equipment. 


Many plans that look workable on paner could be suggested for estab~ 
lishing respiratory protection, but in practical operation difficulties usually 
are experienced. Probably the simlest plan is first to "sell" the supervising 
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officiel, which should not be difficult if he is safety-minded; otherwise, 
strict orders from higher officials may be necessary. Then the worker mist 
be "sold" by education, possibly accommanied by strict and fair supervision and 


discipline. 


When the hydrogen sulphide problem first vresented itself in oil 
fields of the southwestern United States and at refineries processing high-sul- 
phur crude oils, the statement was often made that the men could not or would 
not work with respiratory vrotective equipment. Usually it wes found that these 
statements were based upon prejudice or lack of knowledge rather than fact. 
Systematic educational work has overcome this prejudice largely and has proved 
t> the workmen and the industry that suitable protection is needed and can be 
worn in dangerous concentrations of Zase 


CONCLUSION 


There is still a tremendous amount to be learned about industrial 
diseases. One thing, however, is certain ~ there is a very definite tendency to 
require compensation for them. If compinies and sefety engineers wish to keep 
compensation ccsts at the minimum and to promote the health and safety of the 
workmen, they will lose no time in taking adequate vreceutionary measurese Every 
forward-looking employer will take steps to become fully informed on the subject 
of occupational hazards and on methods and equipment likely to aid in combatting 
them sin order that he may put his house in order. He will make every vossible 
effort to have each working place ventilated as thoroughly as practicableée More- 
over, he will see that every workman cr any other person wears preper protective 
equipment when exposed for a prolonged period to an atmosphere that contains gas, 
dust, mists, or fumes in sufficient concentrations to be dangerous, or when ex- 
posed for short periods to atmospheres that contain considerable quantities of 
harmful gases or custse a 


Financial expenditures orcbably will have to be made to avoid hazardous 
atmospheres and to provide protective equipment, and time and thought will be 
required to perform this work and to educate workmen in the necessity of wearing 
the preper protective equipment. 


The authors are indebted to D. Harrington, chief engineer, and Sara Je 
Davenport, principal translator, Health and Safety Branch, United States Bureau 
of Mines, for their assistance in preparing this paper. 
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